Abstract-Research shows that positive and negative emotion can influence a range of cognitive processes as well as hemodynamic prefrontal cortex (PFC) activity. This study sought to investigate if PFC activity was influenced by positive and negative stimuli during mood induction as well as during a subsequent visual attention task. The International Affective Picture System was employed to induce affective states in participants before they completed a visual attention task. PFC hemodynamic activity was recorded using non-invasive functional near-infrared spectroscopy. Increased PFC activity was evident during the visual attention task compared to affective stimuli viewing. However, emotion did not influence PFC activity during affective stimuli viewing or completion of the visual attention task. Future research should take into account the role individual differences may play in mitigating any influence of emotion on PFC activity.
INTRODUCTION
Recently there has been increased focus regarding the influence of emotion on cognition at both the behavioural and neural level. At the behavioral level emotion has been shown to influence multiple aspects of cognition including working memory [1] , task shielding [2] , attentional control [3] , and visual attention [4, 5, 6] . At the neural level research has shown that the prefrontal cortex (PFC) is involved in emotional processing during cognitive task completion; see [7, 8] for recent compressive reviews of this research area.
Information processing models highlight the importance of both top-down and bottom-up processing during cognitive task completion. For example, within the field of visual attention researchers propose that top-down processing is characterized by goal-directed behavior whereas bottom-up processing refers to the automatic capture of attention by salient information in the environment regardless of task demand [9] . It has been argued that during tasks investigating the effects of emotion on cognition it is likely that both processing strategies are evident [7] . For instance during cognitive tasks involving emotional distractors, it is suggested that the influence of the emotional distraction depends on interactions between neural systems that allow an individual to stay focused on the task as well as systems responsible for the processing of emotional information [7] . It is proposed that these two neural systems compete for processing resources and emotional distractors result in bottom-up processing of task-irrelevant information. This increase in bottom-up processing is likely to have a detrimental influence on task performance. Indeed evidence shows that negative mood is correlated with poorer performance during a working memory task incorporating emotional distractors [1] . It has been argued that impairments in task performance can be mitigated by employing top-down cognitive control processes. These processes allow systems involved in the regulation of emotional responses to be activated and therefore deal with any emotional distraction present [7] .
To assume that effective top-down cognitive control processes are required for effective functioning in cognitive tasks leads to an important observation in clinical and affective populations. It has been reported that healthy individuals perform better than clinical populations in tasks involving executive control [10] . Further, it has been suggested that difficulty in utilizing top-down control processes to regulate emotion is a contributing factor in various clinical and affective disorders including major depressive disorder (MDD) [10, 11] , bipolar disorder (BD) [10] and borderline personality disorder [12, 13] . Research investigating the influence of emotion on cognition in both healthy and clinical populations will advance our understanding of the impact of emotion on cognition.
Research that explores the effects of emotion on cognition at the neural level often concentrates on the role of the amygdala. The amygdala is a brain structure located deep in the brain involved with the processing of emotional information. It has been suggested that emotion regulation encompasses neural activation resulting from interactions between the hot emotional system found in limbic regions (e.g. the amygdala) and the cold, higher order emotional systems found in prefrontal regions [7, 14] . According to the limbic model the amygdala forms part of the evolutionary old brain found in sub-cortical regions, and is involved in the generation of primitive emotions (e.g. fear). Emotions are then elaborated in the advanced PFC neural circuits.
Anatomically there are both direct and indirect pathways connecting the hot and cold emotional systems. For instance it has been shown that the ventral medial prefrontal cortex (vmPFC) is heavily innervated by the amygdala [15] . The medial prefrontal cortex (mPFC), which includes both the vmPFC and the dorsomedial prefrontal cortex (dmPFC), is heavily involved in the processing of emotional and social stimuli [15] . Further, the vmPFC has connections with the anterior cingulate, dorsolateral prefrontal cortex (dlPFC) and ventro lateral prefrontal cortex (vlPFC). These anatomical connections link medial brain areas involved in the processing of emotional information with lateral/dorsal brain regions implicated in higher order executive function [15] . Additionally the dlPFC has been cited as receiving influencing effects from the amygdala via indirect pathways through the cingulate and posterior orbitofrontal cortex [16] .
Given the emerging role of the PFC during emotional processing it is important to study the influence of emotion on PFC activation. Functional near-infrared spectroscopy (fNIRS) is a novel, non-invasive neuroimaging technique that allows the study of PFC activation. fNIRS measures hemodynamic concentration changes in the brain similar to functional magnetic resonance imaging (fMRI). Whereas fMRI measures the paramagnetic properties of deoxygenated-hemoglobin (deoxy-Hb) to infer neural activity, fNIRS uses the differing light absorption properties of oxygenated-hemoglobin (oxyHb) and deoxy-Hb in the near-infrared range (650-1000nm) to infer neural activation changes. The relationship between vascular response and neural activity is termed neurovascular coupling and is described in detail in [17] . Research has shown that the fMRI blood oxygen level dependent (BOLD) signal and fNIRS signals are correlated suggesting that studies using fMRI and fNIRS can be compared [18] . One of the limitations of fNIRS is that it can only measure hemoglobin concentration changes in the cortex at a depth of 1-2cm. However, fNIRS also has many benefits including its quick application time, non-invasiveness, portability, and ability to be used in more ecologically valid testing environments. Moreover, it has been suggested that fNIRS is a suitable neuroimaging methodology for investigating emotion-cognition interactions in the PFC [19, 20] .
Recent fNIRS research has helped in understanding the important role that the PFC has regarding the impact of emotion on cognition. It has been demonstrated that emotional stimuli influences oxy-Hb activity in the mPFC during an nback task measuring attentional control [3] . With a compound measure of oxygenation (oxy-Hb -deoxy-Hb), [21] provided evidence for the involvement of the medial rostral prefrontal cortex (mrPFC) during emotional introspection and identification of positively valenced stimuli (visual art) compared to neutral stimuli. In addition, [1] have shown that naturalistic mood (mood occurring naturally in individuals as opposed to experimentally induced mood or that observed in clinical and affective populations) is correlated with PFC activity during a working memory task. Here individuals with high levels of negative mood displayed lower levels of PFC activity during the task. This observation is important as it demonstrates that emotion has an influence on cognition at the neural level in everyday situations. Differences in PFC oxy-Hb activity have also been observed in MDD and BD patients [10] .
In an emotional Stroop task differing patterns of PFC oxy-Hb activity were observed in BP patients and MDD patients (in remission) compared to healthy individuals. Additionally, varying patterns of neural activity in response to positive stimuli was also evident in BP and MDD patients suggesting that different neural circuitry is involved during emotional processing in these two disorders [10] . The aforementioned fNIRS research conducted on healthy individuals and clinical populations, combined with the observation that fNIRS signals are correlated with the fMRI BOLD response, suggest that fNIRS is a suitable neuroimaging tool for investigating the neural correlates of the relationship between emotion and cognition within the PFC.
Despite this past research, the exact role of the PFC within this relationship is not clear and differences in behavioural and neuroimaging data have been observed within the published literature. For example, behavioural data has reported that emotion does influence cognition [6] , whilst other data suggest this is not the case [22] . Similarly, neuroimaging data have reported increased activity in the mrPFC for positive but not neutral stimuli [21] whereas [3] observed increased activity during viewing of both negative and neutral images. An increase in oxy-Hb activity for negative stimuli (compared to neutral) has also been observed by [23] . In addition to findings revealing different patterns of PFC activity in response to viewing emotional stimuli, studies also show differences in activity within the same cognitive task. For example, it has been shown that lower levels of PFC activity during a working memory task are evident for individuals with higher levels of negative mood [1] , whereas [3] have demonstrated higher levels of activation during a working memory task after exposure to negative but not neutral stimuli. Moreover, recent evidence has shown that task difficulty can moderate the influence of emotion on PFC activity. Here it was shown that in the multi-source interference task threat distractors decreased activity in the dlPFC during difficult trials, whereas they increase activity during easy trials. This finding suggest interactions are evident in brain regions involved in cognitive control as dlPFC activity in response to threat distractors differ according to task difficulty [24] . The study of the influence of emotion on cognition at the neural level warrants further investigation.
The investigation of the way in which emotion influences cognition has progressed recently with researchers exploring additional aspects of neural processing during cognitive tasks. The current study will identify the effect of emotion on cognition at the neural level with the aim of explaining some of the conflicting findings within this field. Given the importance of the PFC in emotion and cognition the study will utilize fNIRS to measure changes in activation in this brain region. The change detection flicker paradigm [25] , which measures visual attention, will be employed. Change blindness is the failure to detect changes in a visual scene due to a brief interruption that prevents bottom-up capture of attention by the motion transient that usually accompanies a change. The detection of a change in the visual environment is therefore highly dependent upon top-down processing. Currently there is no published research examining whether mood influences PFC activity during a change detection flicker task.
The study aimed to investigate 1) how PFC activity varies according to emotional state, and 2) if emotion effects PFC activation in a cognitive task requiring significant top-down processing. It was predicted that positive mood would increase PFC activity whereas negative mood would decrease PFC activity during both the mood induction stage and the visual attention task. It was also predicted that PFC activity would be greater during the visual attention task compared to during the mood induction task. Therefore, we predict a main effect of emotion, a main effect of task, and no interaction effects.
II. METHOD

A. Participants
Thirty two healthy individuals (20 female) aged between 18 and 38 (M = 24.8 years; SD = 5.4 years) participated in this study. Written informed consent was obtained from each participant after receiving procedural information regarding the study. Ethical approval was obtained from the College of Health and Social Care Ethics Panel at the University of Salford. All participants received a £10 inconvenience allowance.
B. Design
A within-participants design was used with two independent variables; mood (positive, neutral, or negative) and task (emotional stimuli viewing task and visual attention task). The dependent variable was changes in oxy-Hb. A measure of positive and negative affect was also recorded to validate the method of inducing emotion.
C. Materials and apparatus 1) Emotion induction / affective stimuli
Emotion was manipulated by presenting participants with visual images of differing emotional valence from the International Affective Picture System (IAPS) [26] . 60 images were selected; 20 positive (mean valence 7.65, mean arousal 5.05), 20 neutral (mean valence 4.62, mean arousal 3.11), and 20 negative (mean valence 2.35, mean arousal 5.17) images. A further 20 positive images were shown at the end of the experiment (mean valence 7.87, mean arousal 5.13). All images were presented in color and measured a maximum of 1024 x 768 pixels. The Positive and Negative Affect Schedule (PANAS) [27] , a 20-item self-report measure of positive and negative affect, was used to record participants' affect after presentation of affective stimuli. The PANAS consists of 20 words that describe positive and negative feelings and emotions. For each word participants were asked to ''indicate to what extent you feel this way right now, that is, at the present moment'' on a scale of 1 (very slightly or not at all) to 5 (extremely). The PANAS provides a measure of positive affect from the summed rating of all positive words and a measure of negative affect from the summed rating of the negative words. The minimum score for each measure is 10 (indicating low affect) and the maximum is 50.
2) fNIRS data collection
In order to record cortical PFC oxy-Hb an fNIR Imager 1000 (fNIR Devices, LLC.) multichannel fNIRS system was used. This system has a temporal resolution of 500ms (2Hz) and consists of 4 light sources and 10 light detectors resulting in 16 measurement optodes. The probe was placed on the forehead aligned to frontal polar (Fp) 1 and Fp2 of the International 10-20 system [28] where Fpz corresponded to the midpoint of the probe (Figure 1 ) [29] . Changes in oxy-Hb were recorded with Cognitive Optical Brain Imaging Studio (fNIR Devices, LLC.) and analyzed offline using fnirSoft [30] . Raw data was processed using a finite impulse response linear phase low-pass filter, with order 20 and cut-off frequency of 0.1Hz, to attenuate high frequency noise, respiration, and cardiac effects. Additionally a sliding-window motion artifact rejection algorithm was employed to remove motion artifacts and saturated channels. These methods are described in detail in [29] . Optodes were also visually inspected for signs of light saturation or light obstruction caused by hair beneath the sensor. Oxy-Hb was then calculated using the modified BeerLambert Law [31] . Three scene viewing and three visual attention task data segments were extracted using synchronization markers received from E-Prime (Psychological Software Tools, Inc) and averaged for statistical analysis.
D. Procedure
After providing written informed consent participants were seated approximately 22 inches from the screen. The fNIRS sensor was placed on a participant's forehead and secured using elastic strapping. The emotion induction images and visual attention task were presented on a computer using EPrime (Psychological Software Tools, Inc) with a 19 inch monitor. Participants completed 3 blocks of trials and block order was counterbalanced. In each block, 20 color photographs taken from the IAPS were shown for 5000ms each in random order and were followed by a 500ms interstimulus interval (ISI). Images were neutral, positive, or negative, depending on block order. After presentation of the images participants completed the PANAS followed by the change detection task. During a trial an image of neutral valence was presented for 1000ms followed by a blank image for 500ms. A changed image, which comprised the original image with a subtle change, was then presented for 1000ms followed by another blank image for 500ms. This cycle repeated until the participant identified the change at which point they pressed the space bar on the keyboard (Figure 2 ). After completion of the final change detection block participants were presented with 20 additional positive images from the IAPS. This was intended to make certain that participants were induced into a positive mood when leaving the lab. Participants were then thanked for their time and given £10 as an inconvenience allowance. 
III. RESULTS
A. Affect scores
Two one-way repeated measures analysis of variance (ANOVA) followed by planned comparisons were conducted to check that the affective stimuli were successful at inducing positive and negative mood states in participants. Mean PANAS scores for each induced mood condition. Self-reported mood varied across the conditions for both positive affect (A) and negative affect (B). Error bars = standard error of the mean.
Analysis of the positive affect scores showed a significant effect of mood, F (2, 60) = 21. Figure 3 ). Higher positive mood scores were also evident after viewing negative (23.4) compared to neutral stimuli, F (1, 30) = 7.290, MSE = 35.049, p < .05; Figure 3 ).
Analysis of negative affect revealed that viewing emotional stimuli influenced negative mood, F (2, 60) = 40.441, MSE = 15.488, p < .001. Planned comparisons showed that viewing negative stimuli significantly increased negative mood scores compared to neutral stimuli (21.4 vs. 14.8; F (1, 30) = 41.024, MSE = 33.045, p < .001; Figure 3 ). Higher negative mood scores were also evident after viewing neutral compared to positive stimuli (14.8 vs. 12.8; F (1, 30) = 4.647, MSE = 25.832, p < .05; Figure 3) .
B. fNIRS results
Analysis for each optode was conducted separately resulting in sixteen 2 (task) x 3 (emotion) repeated measures ANOVAs that investigated the effects of task and emotion on oxy-Hb in the PFC. Significant main effects of task were evident in optodes 1-3, 5, 7-9, 11, and 12 demonstrating higher levels of oxy-Hb during change detection trials compared to stimuli viewing ( Figure 4 ; Table 1 ). No significant effect of task was evident in optodes 6, 13-16. Optodes 4 and 10 displayed a trend towards increased oxy-Hb activity during change detection trials compared to the stimuli viewing task (Table 1 ). There were no significant effects of emotion on oxyHb activity in any of the optodes and no significant interaction between emotion and task (Table 1) .
A B Figure 4 .
Increased oxy-Hb activation during the change detection task compared to scene viewing across the PFC. The increase in PFC activation during the change detection task compared to stimuli viewing task is visualized by subtracting stimuli viewing oxy-Hb activation from change detection task oxy-Hb activation. 
IV. DISCUSSION
The aim of the current study was to investigate the underlying PFC activity during the viewing of emotional stimuli and during a subsequent cognitive task. It is the first study to use the change detection flicker task to investigate the influence of emotion on hemodynamic activity in the PFC (during a visual attention task). The exact role of the PFC in the relationship between emotion and cognition is still unknown despite recent advances in this area. Current research reports conflicting results in terms of PFC neural activity during the viewing of emotional stimuli [3, 21] as well as during cognitive task performance after emotion induction [1, 3] . Further investigation in this area will help to identify the role of the PFC in healthy populations, as well as inform research exploring emotional processing in clinical and affective populations.
Higher PFC oxy-Hb activity in 9 out of 16 optodes during the change detection task compared to the stimuli viewing task (irrespective of emotion condition) most likely demonstrates the increased cognitive resources needed to complete the change detection task. However, the neuroimaging data suggest that PFC activity did not differ between emotion conditions indicating that emotion does not influence PFC oxy-Hb activity during the viewing of emotion inducing stimuli or during a * p < .05; ** p < .01.
Channel
Emotional subsequent cognitive task. Additionally, no interaction effect between emotion group and task group was observed.
The observation of increased PFC oxy-Hb during the visual attention task compared to the emotional stimuli viewing task is indicative of increased cognitive demand during the visual attention task. The stimuli viewing task was passive, possibly involving bottom-up processing, whereas the visual attention task was more demanding and required additional top-down processing. Previous research utilizing fNIRS has shown increases in PFC oxy-Hb activity as a cognitive task gets progressively more difficult [32, 33] . Despite these differences in oxy-Hb between our two tasks no influence of emotion on PFC oxy-Hb activity was observed.
The finding that viewing different types of emotional stimuli has no impact on PFC oxy-Hb activity was surprising as previous research has demonstrated emotion-related changes in PFC oxy-Hb activity [3, 10] . One possible explanation could be that participants in the current study were not successfully induced into the experimental mood conditions. However, the results from the self-report PANAS suggest that emotional stimuli did induce positive and negative emotion in participants. In relation to mood induction during the cognitive task, due to the fact that our PANAS measures were completed immediately after the viewing of affective stimuli, rather than after (or in addition to) the change detection task had been completed, we cannot rule out the possibility that participants were induced into mood groups after viewing affective stimuli only for their mood to return to normal as they completed the change detection task. One possible reason could be the fact that the stimuli used in the change detection task were controlled so that all images were of neutral affect. Research has previously shown that the influence of emotion on cognition can be dependent upon the valence of the specific task stimuli used [3] . It is worth noting here that we did observe an unexpected finding when analyzing the PANAS data. Participants reported higher positive mood scores after viewing negative compared to neutral stimuli. One possibility is that participants were responding to increased arousal in the negative images compared to neutral images. The important finding regarding the negative mood PANAS data is consistent with expectations that after viewing negative stimuli higher levels of negative mood were reported validating our mood induction method.
The non-significant effect of emotion on PFC oxy-Hb activity was also unexpected and this may be due to the way in which data is analyzed. For example, in the current study emotion-related oxy-Hb changes were compared against each other (positive, neutral, and negative mood) and no differences in activity were observed. In contrast, in [3] changes in oxy-Hb for neutral and negative stimuli were compared against baseline oxy-Hb activation and it was shown that both neutral and negative stimuli increased PFC activation. When oxy-Hb activity was directly compared across neutral and negative stimuli conditions no differences in activation were evident. This finding is similar to the observation in the current study and suggests that comparing oxy-Hb changes to baseline data may inflate differences in activation.
The lack of any emotion-dependent changes in PFC oxy-Hb activity during the change detection task could be due to the methodological issue concerning the stimuli valence described above. However, previous research has shown that naturally occurring negative mood can influence PFC oxy-Hb activity during a cognitive task [1] . Additionally, it has also been demonstrated that oxy-Hb activity during a cognitive task is increased after participants viewed negative emotional stimuli compared to neutral stimuli [3] . It would be interesting to see if there are interactions between the difficulty level of the visual attention task employed and emotion on behavioral performance and underlying neural PFC activity. Recent evidence has shown that threat distractors can decrease activity in the dlPFC during demanding trials in a multi-source interference task, whereas they increase activity during less demanding trials (compared to no distractor trials) [24] . This finding suggests such interactions may be evident in brain regions involved in cognitive control as changes in dlPFC activity in response to threat distractors differ according to task difficulty. It has also been shown that PFC oxy-Hb activity increases as a cognitive task becomes more demanding [32, 33] . It is possible that as the current study only adopted one level of task difficulty the task may have been too demanding and therefore masked any possible influence of emotion on PFC oxy-Hb activation. However, if this was the case we would still expect to observe emotion-related changes in PFC oxy-Hb activity during the passive stimuli viewing task which we did not observe.
Cognitive theories attempt to explain behaviour in terms of accurate fits with average group-level performance. However, these models often fit less accurately when they are applied to individuals [34] . Individual differences are likely to mitigate the effect of emotion on cognition and evidence from healthy populations supports this view. For example, it has been shown that neuroticism modulates amygdala-PFC connectivity in response to negative emotional facial expressions [35] . Interestingly, neuroticism and extraversion have been shown to predict attentional performance during change detection [36] . Additionally, [37] have shown that state negative affect and trait negative affect have both combined and separate influences on attentional processing. Further, it has been shown that in individuals with experience of early-life stress, personality traits linked to emotional control are related to sustained vmPFC activity during a mildly stressful task. The vmPFC is involved in emotional processing and regulation of amygdala activity [38] . Finally, in a study investigating the influence of negative images and the positive affect trait on amygdala activation, it was found that amygdala response was influenced by both task demand and the positive affect trait [39] . These findings demonstrate that individual differences play a role in mitigating the effect of emotion on cognition.
The current study did not take into account any individual differences in mood/depressive symptoms or personality traits and these need to be investigated further. Initial research has demonstrated that rumination and mindfulness are linked to vmPFC activity involved in regulating amygdala activity [38] and are likely to moderate the effect of emotion on cognition. In addition, attentional impulsiveness (an index of impaired executive function) has been shown to be correlated with amygdala and dlPFC activity, both of which are brain regions involved in emotional and executive functioning during emotional distraction [40] . It is likely that attentional impulsiveness will also impact upon the manner in which emotion influences cognition at both the behavioural and neural level. Research investigating individual differences in mood and cognition is important as it will help to advance our understanding of the brain regions and neural correlates in healthy individuals as well as those individual factors that may increase susceptibility to affective disorders.
In conclusion, using fNIRS there was no evidence that mood influences PFC oxy-Hb activity during affective stimuli viewing or during a subsequent visual attention task. This was unexpected and conflicted with the hypothesis as changes in oxy-Hb in response to emotional stimuli have been documented previously. It is possible that participants were not successfully induced into emotion groups, or that differences in the current experimental design and analysis and those used in past research influenced any potential observable differences. The finding of increased PFC oxy-Hb activity during the visual attention task compared to the emotional stimuli viewing task suggests the former is more cognitively demanding. This task requires additional top-down processing compared to the more passive (and bottom-up) stimuli viewing task. Recent research also suggests that individual differences mitigate the effects of emotion on cognition at the neural level. There is scope to expand on this work to investigate whether such influences have contributed to the current findings.
